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ABSTRACT 

PROBLEM TO BE SOLVED: To provide an ink jet recording printing head capable 
of supporting piezoelectric elements high in piezoelectric properties and 
capable of realizing the enhancement of the durability and yield of 
nozzles . 



SOLUTION: A pipzoelectric element consisting of upper electrodes 106, 
piezoelectric films 105 and a lower electrode 104 is formed on the 
zirconium oxide film 103 directly coming into contact with a silicon 
substrate 101 to be supported thereon. The monoclonic zirconium oxide film 
103 is formed to be heat-treated at crystal phase transition temperature or 
higher or a metal zirconium film with specific thickness and a 
piezoelectric element precursor film are formed to be thermally oxidized in 
an oxygen-containing atmosphere. 
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-thXo^m-^9)v^k.ht. mumizmmti 

tmgiLX L£\-\ Z ttfX'*% 

-fe 'J •> Af?£r 1 *^%~ 3 0 ^)V%<n&XWm^X „ 

[0049] L*> L . *^H^J; a ic. msa^sM 

&ztiz£<omi.-r&ztwx'Z?>(7>x\ 
*7J±m<mix<r)mLZWi<z£tfX'*h. -t%t>*>. & 

fe<tLX\^^WHti?)l'3-*7MZ. 10 0 OriJUKO 
JS^J$rS*tl». SRSEft^a-Tfc 1 0 0 O'C 

(4. 8oo^iJi^i!!ia^^^F5r^:-c*>s*<. ts? 
30 n&tEEm#®<7>&M&m<tfm&&m&&mzit'<x 

[0050] ^BBii . itneoisa^f dffl l*: t 
&£k : fmmwLtT®mmtcymizit&zit& z t 

40 

[0051] HRC. 4 ^^'i y hEftfflrU 
■y H<Oi?JtXgtCl3V^T(i, fflE<0<t ^ WHK«BW 

(CcfcO. wa^lBfcltv BB«ft^*fc:*J 

50 T\ >^SJgfiS^C^^&Kg? (SHk^HJ-^A 
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1 3 

[0052] Hfc, HKK. 4 V? Vs. >y hg^fflTU 

[0053] #&i9!<0>f i^'x y Mei&flT'J 

S>jEfrA*fc«»-*- Si&g-fc Ol^lS (ffiKlil 0 5 
OTELt, £>)&*L<tel 1 SOXJJSLh) TfSWyafc 

3t^*«tt^6jE*Jli*fc^i-«il«J:0Wa <# 20 

£L<(±10 5 0K:JiLt. «k9#£L<Jil 1 5 0T£l 

mt&^ti>vz&. imcoisr&iztmiksatuzz ->x 

Kft^3^>>AKa^j£$i7.&tf)-t\ tf^-tf-zK^ 
&zbi>x-&&. 

[ 0 0 5 4 ] Z o LXnt>thti*?miZ J: « >f ^'x 30 

3 iz&mmmmtzwm&m-z aou* -e<o^s^«^ 

<#*U«*=0. l~2jum) ; -ewBMk^a- 
^AKicOTgPm® (»* L^IRJM 10 0 0-100 
0 0 * ho-A) ; i§£-£«fc 0 . n&MfkSSfrx 

= o~i ooo*y^xhu-.M ; wia hTSWtfJttf) 

EEWMB (#*U*BW=0. 5~5jum) ; -e^ffm 40 
ftfllLL?>±g&B*i (tt£L^mm= 5 0 0^ 5 00 0* 
ho-A ) ; J: 0 , meBE«fHR2:ffirR± 

&mmt<?>fflcrmmm u*bw=o~ 3oq*> 

[0055]4fc. J: SWIEW S>x v M2 
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1 4 

ttfts/sl'3:^*ZJtaJ9*/nFmraJ!R) *UKLh 

(^(ctii~i o) x$>$>t. mmtmmcom^iz^ 

[ 0 0 5 6 ] Mfc. J: & OTB-f i^'x y hffi 

#5 0 0—3 0 0 O:*^* ho-A-C£>S Zbi) { &£ 
WttMli&JM&<n9mfttzht>k* ^ FIB 

[ o o 5 7 ] &tc. *fs*c J: *-fy^'s7 htmm 

mttfcOH^ttfc^5^3-i>2Jl^^/l'3-nrA 

6*ffifcov^» i8f*EIiiIt»oTRi!W*. 

[0 0 58] 03(i. *5imz£h>[><? : J3.vYzdM 
MTV y?^ y HO-Hifi®aS:^W^L^ 03 

( a ) (±*fMBc0>f S^'x y fgeiMBr 'J V^^ y H 

cotmmmmxS) *) , S3 ( b > 03 ( a > oa- 

a" iKfrilfiycHT'fcS. 

[0059] 03 fc^-r^f&HjiTW y ^ ifx. y htBStm 

7'jy^7Ht. «scffl£7)>f^^mio2$-^rf«>m 
m^mmui 0 1 : ^<7)#^ h b h s^»ki 0 i±izm 
f8.2ttfi-m<mm&2 0 1 ; ue-t v^m 10201 

;l^n^^AMl 0 3 : IfflBKfC^s-^AlRl 0 3<0 

±»c»jRs *ufeT«wff i o 4 , HineT&m® 1 o 4 

<0±fcaWK$ii*:£E«fl« 1 0 5 fc , miflEm«£R 1 0 

5v>±.iz&j&.2tifii±&wmi 0 6tfrt>%&EEmtm 
* ; atf y x/nos Srjgfig-rs y x;w«t 1 o 7 

LXmtfLZtlX^Z. -f^Sl02tyX/H08 
[0060] Wi/x. -y h^fflT'J >?-^ v V 

ffmtttnm.tzstmtz t . T&m«& 1 0 4 t±s5€ffi 
1 0 6<r)mzw&t:mnv. rmmmi 0 a t&mm 

1 0 5 t^mMk 1 0 6 fc J: O^rSffi***-! 1 , At^lS 
X'ZZ. 

[0 06 1] H4(i. y'/|/3r.T>AA>^Kfty^3-'> 

1 0 1 KEmtf^&tM 1 
0 2 $rJg«-r&* T^SStlSi: LT. C ( a ) 

~ ( c ) } (c*tfflfffi0-c*4. CKOBiffiSfcis 
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1 5 

t, {it#>K. m^^mtmrn^ m*®. < 1 1 o > 
zm-hmtm&mms. i o i * i o o o- i 2 0 or 

T^f^flrt6*OU4CVDK«ko-c. s&i 0 lco 

Mmizzj&^mmm. 201, 202 ?r^«-r & . -m<t 
fmm2 01.20 2^j?^{d. ^ussfc.&^a*. 
friei: t < «4 0 0 0— 10000 *>-^x 

bo-AT&l.. 0 1 tttflHWc. 

WbSSM 1 0 i±tca:«. ttiW)*R^3=.^ 

Ail 0 3&ffi?j£-f**>. hZ>\.Mi.-£Ml&Lfc-fflt 
fm®2 O 1 *x.v+>?tcZX'V!&LXti*t>. &lficO 10 
Rfc^a^.? AI 1 0 3 & JMSAJ£X£IK 10 1±(: 

VXglCi DI^rt3£SM2 0 1.20 2 Affile 7 * h 
U~/X h *mi8LL . Zmft3£fiiffii2 0 2 i<07 tM/i/' 

[00 6 2] f#&*Utgig£. x^V^ifc mtiS . 
#BSk-M;Ty*^7Ak5:#tf*i§iK) fcifiiu - 
Htafl2 0 2^-yx7fy^U ^PSP2 0 

%b%&mizmmtt &&ikmmm& ioi« 20 

[0063] 

W31 _ 

<lT2>X«±<l 1 2> 
[00 64] ^r|6]i:^r-l)J:3{cffi»rs. 
[0065] #£>*t*:»R£ ,80-9 O'Cf^fliK 

-®nmmm2 o nt, ifeg^n-^Ajgn o 

3£. »lCliil[SU^'«-y^afc:J: 

6. &gv7l«:3r:>/-ARf5JgJ?{i. ^mffox-VAfr 

^K-fk^VPa - A^^8|-r & d k fc J: &fMHtifttf* 30 

3-^A^iHt:Xii£0li£-*-3>^fc:{i. ifffe^j^g 

[0066] ARS^Unii^AR 103 <m®m^. T 40 

Tttfcv***. 0. 2— 2/inrC**£fc0«*F*U*. 
[ 0 0 6 7 ] 04 (cl:&j*34rbuP. 4te(cJ: 0 . 4RS/ 
- i> J»m*t> nmciZ <fc •) #*3 tl *IHfc5>/U 3 - 
•7 A® 1 0 3 kTS&«€&l 0 4 fc<0#3&tt£f6LLi-£*: 

0 3kTSB«&l 0 4 OS 
JC. ffRJBj*&lcj:r>. «i32fcHatt>«ttJMi&RR£ 

[ 0 0 6 8 ] %<C. T&^ffi 1 0 4O±t, ffmttffiffi 50 
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1 6 

frKSraa-t*. zoim&m±. tmtmmiz. mm 
l . wamm>i»Emm 1 o 5 fesatw* c t 

[0069] — # % i^JSMBlfcfe^T. ARS^a- 
0 3(4, BHb$flTSS-(b->';U3^Alll 0 3 

1 0 3i^S^V»Ttt8EfcHa^!M[Sl^Sa»rf-6 
k . £0**HWcT*WB 10 4 ^ZIM^HR 2 0 
1 i OMR*"*. AR^a^AR 1 0 3^ 

fcgc, muf&m+f>&zm^xmibmm<?>&&k 

mzmfct&t. EMfttLXPZTZm^tiiiriilz 
it, PZT*&«RLfcttfc:J:9, ZIH01RR2O1 
*»»RU ^49TT»«tt*>H»«*fc*IRa*£t*. 

fiMfcitt'S^AKl 0 3«. TW«ffil 0 4 
kZiHtJ£3IJBI2 0 1 fc*MWRi:LTf1sJ8T*fc* 

yWrj^ARl 0 3kTS8mei 0 4k«oSt:. 

x. msmmmm&m®i>mtztiz. 

[0070] mz, 1 0 5±K. 5SR^fi£ftl= 

i iXlMmm 10 6 Sr^fiSf & . -tSSBfiS 1 0 6<0R 
JWi. ^f{3|S^§ttS t^)TI±*V>36«» 5 0 0—5 0 0 
0 * y h a- At* 6 £ i: 4 U ^. 

[0071] H4fcJ4*S«rV^, *6-t«t 0 , 

mi o 5t±&wmi o 6otwtt*m±r*fctot. 
EMftm 105 k±g?m© 106 iofgn, mmmm&m 

[0072] act:, * h u vxat . «i«r. 

$ y y^ife tfflv^ i t 9 . ma. ±g?m@ 1 o 
6 . ffimR io5. at^gp^fiiR i o 4 *?m<m 

ik*«t'#^. x 7 fy/a&ffl^/;^7->x 
•y f-y «fc ->T t H«W)Wi**»« i k **-C^ £ . 
[0073] 04(c) tZTfctX a t-. EVffc 

Ml 0 5O«SH2 04kL-C, Witf. ^U-fSH» 
«ffl<0Sottt^y-7-®2:^0. 3-5^iml:M 
U ±g?m«il0 6±O«aR?r3S®tJ: , 9113t0l^v^ 

3oo-4 5ox:-ciasaa$-sw-tf'j-f * vmt-t 

[0074] *<mr>wt$Mf3imi:ti±, m&tefk 
lens&zt. himwm^mm-rh^m^ti^ximvfc 

mWMkft fc R1K-C* 0 . «^M2 0 4 fcJttfcUfcff 
S^iHiOffiSr^twJ: OfiftSL. U^A* 
Z®HtI£3gB!2 0 2^BBalK2 0 3*»fe 
«MbW^S«1 0 1 »StttX7fy/^1fV\ -f V 
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ItmiZfeMtizmfeLtztt. zmj£mBt202. 2 L<lil 5 0~4 5 0*^Xhu-A?)effiF««;:ifc 

6. Aj^fc#6£. T^m&fclM^Vl^-^AJSfcco^ 

[0075] ±miS)V3-vj*mn&mtt.izi')&tfLL miitf&T-t-z. mmw6oo*>7Aha-Aimz. 

itM k LXfS&tiX v * * . SHIRKS: & i: . Tg&m©<OKlffi#lg£ ^H^A<^ifiatc: 

[0076] ±W, i J>l'?-*72±frt>ffiti')V3-*7J*<^ ^TS. IWf^. B^'/Uri^'/- AW. £ 

[0077] ^m^rjn^Aj&x^KYt^rj^^ MJ?t> . znmmzzmt&z t tfx'% 0 „ mzm 

nmitiz£&imm&zmm-tz>ffi3i<oimiizj;*). m ^ft&torii&i^ nf^L<ao. 5^-5umx- 

mmwmstft t em.mzmr$\. Yxmwms$m& l < ti 500— 5000 *y?x h u-a-c& 

<nt&*)X'*>h. ~?%fr-h. TS5«^at/a^K5rffl [0081 ] tJLh^iitiO. 4 V * 

wtz> mmkimmfiuztt Lxmrnrnzmm-z 20 -y hsmmr -v y izmm-tzmfcizm Lxmm 

mzimmwm)^ffi&tm'^i$W2ii&mz. .im&&m%Mt^ ^o^^comsiTico-^pin 

mmmifctT&m®&TfEm#mttimmz&\\&j}t: &tmo «t 3 icss»^a®tas«ftirri.* i X(±'?-o 

Lip. ^A&fc. *<9tM^VP3-^AJBLL<0TgiSm®fc. -f- 

[0078] L*»U 3WSHB^J6t*Sfc^Tli, JPM£ v>T&WM±.co£.W&$&b , -e<9JEmfls)&liO±|ffm 

f&^fcT&tt©fcOl§K&mx^3^A|g|£i&t-J\ 4:**tfT?-f-.*x-:*(cfcBW-*. *3KBfc:J:4T? 

^3-i7A^Kfl:LT#SS:J^5I§-fr^cO-C, J)MftA 30 flfifc:, Wifcf, v4*o#y, WWMHitif, Xtf- 

Hfc LTWW»(=JB«S*l*IWt2^l'3-^IWi. ff [0082] 

®B&mz£^xm&iz&fiLztifzM{ti;^-*7&m if&an «t, ^Wfcj^r^fra&ftttHfcaMH 

. [0083] <mmm 1 >H2 t***ife*c*swBK: i 

ntzmmzmm^ttftwjjmizji^xntztittft, 40 * 1 0 OMm. ^on^^^-rfij c02o«£Mi:gtt: 

*ohp» t« a «t d izmmmfcmmzwmimt s *> ±»c»* l . •< ^ * m.<mm-Kfaw -» f-u 1 4 1 

XJi-e-O^^K^ffi^ZSf^k^^tfigffifgirrSi! mtU S?&££ 8 0 d P i ( H -y h • Vf - > 

fi ; «*ICJ: 0. flfEBMt^am^AKtttBTaW [0084] I2<0(a)-(c) fc»->T, S? 

««ULho±m& ; %£^<£ o . i^ffim^Ki: n^e [ o o 8 5 1 mx®. ( 1 1 0 > «:^r^s*ef B ^s« 

±S5IEei:<0^5^®*^^: 0 , l?rait'ft:>'Vl'3-«7 1 0 1 Sr 1 2 0 0"CC^SftBHk 10 1 OMffi 

i»g|<7)IJIJ5*<. 1 0 0-6 0 0^y/Xhn-A. M 50 {ce*80 0 0^y;/XhD-A»Zi!fl^fffi2 0 
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1 9 

xfazsmihfmsfc i o i <r> 

[0086] 

[fl-4 3 _ 

< 1 1 2> 

[0087] -fiftbLlt. 7*Wi;XYZm&LlZ 10 

-wmmm 2 0 1 cam . fm 1 u mamfc&frx 

103 £BHkv;W3^i*o&«£ttx;NV ? y 
VBtfLLte. *co&. ^^ti 1 ooxttr-cmrg?) 

®&yi£5IJfcL*:. I^. SHfcvVl^-^Algft^?) 

0 1 it. UMt^a-^AJRl 0 3*>£> 2 x 
1 0- 8 N/m2i:/jN$V^|3iffi^$-§ftT^^. li 
•C. Btft^'/Wa^Algl 0 3<i. ^la-CO^aifit?: 
#^ H ^t-ri.fcfttc:B!'ft-7^^'>A. 20 

-Tb Lfc. 

[00883 mz. BHb^a-^mo3±ic. t 

asm^l 0 4atXS««cMl 0 5^S»t. 02 (a) 
[0089] HJgHc(±, IHk^^-^ii 1 0 3 fcT 

mfiS 1 0 4 fc LT <96&l±. fi^XVN' y * y y J: 30 

^ho-a, at^ooo^y^ho-AtLfc. 

SC, JEm«c^l 0 5tt, J8U¥2/inUD3jfcftS*PZT 
CPbZr03-PbT i 03-Pb (Mgi/3Nb2/3> 

>y*-yv igEi!fcx^y*if;£ffiv>rt:. 

T^/U:7TX^PZTfirfBfc]S£j£l£U *tf>&. 
mW**X'6 5 0-CiZX l-ftffl%.tS9 0 ottt 1 ^ 
tfXSWfeWlfc: J: 0 . HiikitLX . JE«££*r4- P Z T 40 

[00901 ^^T. ffim«slS 1 0 5 

t\ * LTT&SSi 1 0 4 t3E*?mmx'<tti<?ti>-<? 
-yxyfy/Lfcft, x/tv^y^ffifc* 1 !). 

yn < 5 0 jj-y^x h q-a ) &ix±g&m® 1 0 

6bLX<7>&m (fA=2000^Xbn-A) 

ciojiSKJgjfcU a^fca^-fl^'J^AtcOTjog 

WX->*9— yx-zf-V^STtftV 02 (b) l^TBfffl 
[009 1] 02 (c) iC5**-J:d(C. EEtgtt 50 
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20 

Rl 0 5<7>«gK2 0 4i:L-t\ g3fl£ey 
A 2 At m-CJB& L . ±Mm& 1 0 6 ±<9&^J&£3Stfc(C: 
J: OIROf^V^IS. 4 0 0X;-Cl?W5U15:fi : ^T^U'f 5 
KJifcJWtLfc. <fcts «glS2 04£^j£Lrt:ff«f*: 
*TflMFfc*y:ro^5^Wtti&J* (W093/ 
2 2 14 0fM«i3t£»^ft) fci DfitaU 

&ox:0)*.mttjrw>.*m6iizimL. zmamm 
2 0 2co^na52 0 3 a>£>jm&F B j£sa8i 1 0 1 <r>mfj 

fii7fy/i?iM. 4>9U\0 2*im\,tz. 

m&ikizmmffi. 1 0 1 amiswfi dio)ti> 

9. MWPBP&2 0 3O]&fT#:fr|6l# 
[009 2] 

[fl-5] _ 

< 1 1 2 > 

[0093] jTtorcti&ipt** 4 y^li 0 2<r>mx% 
^fa<rm*Bm-h®m.<r>m: (in) mt-ttzk 

. 1 0 1 <r>W^- 25 0m mOgjSS 

OiS£"yM Y^v+y'/l/xraW&I.ZWz.hZbtfX'* 

[0094] «vvt» Jtu&p B *£gtg«i 0 1 SrmriS^m 

fcHjeLfc* & . :=BMB£SR2 0 2, 20 1 <7>Sgajg5 
Sr. ^Kt^T^-^Ak^^gt'Ji yf-^L 
T»*Lfc. Z?m. Ht^^^AIl 0 3<OJSlft 

[0 0 9 5] Bft^a^Ail 0 3(i. -f^Sl 
0 2^SrOZSlfl^^!l2 0 1 OXy-f-V^fMJii: 

LT@ixTt5 0 . mit&n-'y&m o 3*<^v^- 

A{i. BMfc^^*^«>A^iWfc-f «y hU^Atdiot^ 
Sgffc;* ftfclKtv^-^A.fc »9 . -\»y^*«K< 5: 

[00963 tn^atnrt^ mfcs^a^ABtfc:. 

Ktt^ci^»>AJK4'tdSKh^ » M> ^A^ 5*/l^ 

a^Katt/t^(c<i, fmajmmfci o itc. >r > 

^^10 2S-jefigL^t^^ dWk^a-flr 

mmz%£*)&3o%b&#>xm>'>fc. mie^ 

[0 0 9 7] <SIM^2>Tg8Sfiil 04^S*kKfl: 
>;;Pa^^AJSl 0 3<7)^*i:<0lt (BMfc5^3-?A 

9ut. mmmfflni bmmcvmFZ&v&Lx&m*)* 
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it. T&*«*&OJ?*£2 0 0 0*^X1* a-AtC@5£ 
•J#T\ W£3 0 VW^SE* 1 x 1 o 8 EQJin 



[0098] tmzvfimmbmzm i t^-r. m i tc 

[0099] 

[SU] 





X 1 0"* 
(N/tn 1 ) 








' 0. 3 


- 1 0 


7% 


3% 
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0. 5 


-8 


3 0% 


2 5% 
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8 5% 


8 0% 
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1. 8 


4- 1 


9 0% 


8 5% 
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3. 0 


+ 2 


9 5% 


9 7% 


O 



[0 1 00] *l(Cjjr*\k5fc. JSSJjyjfc. 3S®«CS? 

aw?*) **iisu:T**i:, iBtAit^s* m 

[oioi] <mffiM3>&{ti;fr3-*7j*m£mi&t 
i t «wi, mumm i t hsmhmp ** o m 

[0 10 2] 
[312] 



* [0103] a2t^\fc 5 t. IKfcj^ri-^AJ&co 
500 — 3000 h o-Atftf§ 

[0104] <mm4>wstitiv-3-*7i±wmmik?) 

30 [0105] 
[f£3] 



T^MAttS (*) 
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2 0 0 


2% 


X 


4 0 0 


3 0% 
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5 0 0 


6 8% 
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10 0 0 


9 7% 
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3 0 0 0 


7 0% 
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50 0 0 


2 5% 


X 



40 







«5e 


9 o or 


7% 
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i o o or 


3 2 % 


X 


1 0 5 OlC 


8 5% 
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1 1 0 or 


9 1 % 


O 


1 1 5 01C 


9 5% 


O 


i 2 o or 


9 5% 


© 



[0106] SfcgUIi&g 105 OrfiLtC, WA>tt#9 

* 0**JtKwa»r* 115 o-cia±-cte&t;:iiiy 
(curort:. 

[0107] <mmm 5 >^msmx'\t. mmm i x-<r> 

Liz, 

^so [0108] z8Hfc&s§t2 o i ±t;. M s Jfr-3-*> 
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i*K >^3^A|g£50 0 0*>'?'xho-,MgjS 
[0109] <Kfc. fi^JMP+T. Mi^SraL^^ 

jgoaitenMB. iwki»jratffv*. mmiumnm 

£^4 iZJUt. 
[0 110] 
[*4] 



■tfbSJK 




S5E 


9 0 0*C 


3% 


X 


lOOOt 


2 5% 


X 


1 0 5 0*C 


8 0% 


O 


noot 


8 2% 


O 


1 150t 


9 1% 


© 


1 2 o or 


9 2% 





[oiii] i/)vzi-*72*<r)mtti&3 o oxaarctt* 

[0 1 1 2 3 *4j&»fcHHfc*»*J:3fc. AH^a-^ 
AcogE-fkiSJgJi . 10 5 0 XI JSLhT* & - 1 tfttttftSl 

4 L < , 115 0 TCiiLh-C* & , izmzmittkmi 1 
[0 113]**:. JSlMtC, Hftv'/Ua-^ARfcJB 

oiftlt^HS i> l*d± L*:. 
[0114] <HJfe0!l 6 >m 3 izyfrt J: o **fSWt J: 

1 0 20ie^l6li0fi$ C@3 ( b ) cof£B<7>;£ 
=6*1*0 JlOO^m, <etf>Mf**iaj C03 (b) tf> 

W#i*J C@3 ( b ) <0«EHcO^&*-|tjD <0ft$(i8 0/z 

e-yf<±14 8?&K£80dp i ( H y b 

•>"?-• <i>+) tLtz. 

[0 1 1 5] H4t»-»T. WaiSt A*Wt= 

[0 1 16]f^2 2 0;(m^)SM (110) £*Tt 
&#«^^S«1 0 1 Sri 1 OOXTCSsS&BHtU 
SSI 0 lWSStBKJJAO. 8jumOZ^Hfc^K2 0 
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1. 20 2*nB$fcjgjftLfc. 
[0 117] -f-LT. ilflito:?* h'J VISCiOrK 
4B1SK20 1, 2 0 2l5StC7^M^> r XhSr^ 
ZMHti£Xlt2 0 2±<07 * h l^X h tzxmw* 

[oils] zcomfoi. m&tmLTy^-^&tn 

*S«(C«aU ZjfrftSI*&2 0 2Z'*?->x. y* 
>?L. MP*2 0 3*»J*Lfc. Mn02O 

10 fSS10 1« 
[0 119] 

[«-6 ] _ 

< 1 1 2 > 

[0 12 0] JfftbLtz. 

[0121] 8 OiCOffiKfciftL. 7thl/ 

^xh^MlllLfctt. ritftS*K2 0 lfflHc. §y?2 
0 0*y7Xbn— J*<?&m>i/)V^— >*A]K1 0 3SriS 
atvty?8&J:9£l£U:. <Kfc, T*«ttl 04 fc 

i/c. mmo. 8jumoe^Jis-. jraxrc'r^i&cj: 

20 9J6S£Lfc. Set. £E«ttRl 0 5<±. SUP 2 vmcr>3 
^MPZT(PbZr03-PbTi0 3 -Pb (Mg 
i/aNbi/s) Os} fcU ^^KSCli. PZTOife 

AR&frt*. Tt^r^PZTinBfltfflltiaQHL. 

*<o&. k*»hsi+t*7 5 o*ctT i ^rao^aat 

30 t4 0 0^->-^Xho-Afc^liL^. ^V^-C. JE*«5 
IS10 5±t:. ±S5Bffil 0 6fcLT. Kl?0. ljum 

[0122] mz^ M%<D7 *hV VJMt . T)V*> 

#*zm^ti4*>5iv>ym*m^hz\tiiz±*). m 
±&mmi o 6 . ffi««cKi o 5 . &T/T&m&m 

10 4*:mm(7)&VUzttLL. 14 (b) (C^-TBiffi^ 
[0123] -eofi. 04 ( c ) fcS^J: a tc. BMte 
40 2x/m(Cjg^L. ±^€S1 0 6±O«aflg$-3S«ti 

»:tw. «ajS2 0 4^j«L^ffim«ts 

8 0-c<r>imftJi l) •> A?fcS?gt:?i® t . ^K-fki^B? 
2 0 20lBPSfl2 0 3 *>^*e H B B ^«a« 10 1 

#isftSfgs«i oiomumfi ( 1 1 o ) Th 
o . s€tc^ns2 o 3v>mTZ?jfo& 

[0 124] 
50 t»7] 



(14) 

2_5 
< 1 1 2 > 

[0 1 2 5] 3ri6]-C*5*>^ -1y?mi 0 2<OS!tT# 
*|6]02S:JgB£-ri)flSM^®S: (111) iBfc-r&CIi: 
. imsiiigsstg 1 0 1 <T>WJ* 110 p. mcOSS 
8/xmfDgKiq];LS.ri:# 

[0126] ggwc. tm&tmmi i o i ^Mfe^ 

izmZ Ltzt.3.. ZMtt&mi&2 0 2. 201 <vm\ti& 

£Lfc. 10 
[ 0 1 2 7 1 £ 3 LT. 

MJHJjWuo&vW i^i/x «•/ HE$!K-y KS: 

HaiwWAtti«c*»»tfe tz?>. so %wt<nn$m 
[0128] <n$fcm>#H86pg-ra, astc^-rj: 

1 0 1 ±lzW£&.m : Jf\s?- i >J*Wk 1 0 3 ZBf&Lt:. 
[0129106(a). (b). ( c ) £?&oTfgj§ 20 

[ o 1 3 o i me ( a ) t^-riat^ #t£A3%&K 
i o i (opto &2tttH 6tmmizLx. zMttfmm. 2 

0 1. 2 0 2 ZBtiLLtiik. ZMttimWkl 0 2 Affile 
<^)^ii^07 * hV VISKT , 7>rM/y'Xh4 0 1 

*mm#izm-z\ t\zx 0 . zjfKbs»i2 0 1 ££a 



&W&9-1 54 3 86 

26 

[01311 06(b) t^TJ: 5 8 OX: 

3Ufi0«6 fcdStcLT. 06 ( c ) K^jcf <k 3 . K-ftv 
yUn^AKl 0 3. TSim«Sl 04. EMSmi 0 
5 . Rl/±.&Wm 10 6 fcJUifcJgjfcL*:. 
[0 132] ffi&lZ^ StttW6i:Pj«fcLT* 4>^M 
10 2fc#MJH2 0 4£-JE&£LT. H 5 JCjjrfaBftfM: 
ft* £fc 

[0 13 3] do LT. gStOHRfcRftS^a-^A 

m&m&mmtfritt: tz*?, so %ja±«ow#s 

[0134] <HM0>l8>^S> ; /l'rin'>AW^f 
MLtz. 

[0135] r&mm. Btxsimto&k lxiz. *ti? 
3i«mpzt (mkm6X'tmLtzi><7)) fcrnvvt. 
TSWsoawtttrsMiu Tarawa mmxim* 

[0 136] 
[fi5] 







*) 




IS* (*) 


** (*) 


(%) 




0 


0 


0 


X 


2 5 


5 0 


4 


X 


50 


1 0 0 


6 3 


O 


10 0 


2 0 0 


8 0 


O 


2 0 0 


4 0 0 


8 5 


O 


3 0 0 


6 0 0 


5 6 


o 


4 0 0 


8 0 0 


2 7 


X 


5 0 0 


10 0 0 


0 


X 



(* : ijna=* >^ I* a-/ ") 



[0137] &s^r? - vj*m&. tmmtzj: o , ^ 

K^';unr.^K<ojBg^KJl<?D^H{i. 10 0-6 
0 0 ;* h o-AT* & w 1 . 
[0 1 38] T&W&k<?>m7i>*0. 1^-lumtL. P3K-50 



X'h~>tz. 

[0139] W¥-2 0 O^y^hD-AOtii'V^ 



(15) #gU¥9-254386 
27 28 

[0140] zum^wrjWwe-*-* *m •/ hsmmyv y?^-, vz&m-hzb 

wttt.iS/is3-vj*m<?>imzmm<nfflBi*. i o ^isimeogix^-f y Manrar ^^y 
o-eoojj-y^xha-ATi^A:. io vz&miz&mt&z kifiXTZi. 

[0141] <^JS0!l9>^S^3-'>A^4:Ta5« [0ffi<OlSJil$rt&«9n 

eco^tcMt^®s-ii*irr*c:i:J^{i. nuian^ [0i ] *w$ifcj:4-f ? htmmrv y?^ 

8tmm<7)Wi^m*)MLxm^mmLtc. >y vo-mmmnmB&mim < a > t. *<oa-a' 

[0 14 2] S^Sffl^Si: Lt\ 9V9fr* tmW&kmX'foh . 

T;P5 XI4«tM^fc«^tli. aHWjtfrtLh [02 ] *fHHfcJ: ^'x y ME«fflr U y9^ 

U 5 #4 >-hr6j±L^. y HO-HifiS«Oi?jiXS^^-rifrffi0TS)S. 

[0 14 3] Clix&^^Jf £XtS0ifrfc:i-3T#«rL [03 3 *mV,z£hJ >-?^'x «y bE8ffiry >^ 

tibz*>. ■&X8Htmt%iX^ti. ¥Hz?y?>U?)ig> y KOS«O-0£^«<Dt{B&|SHS0 ( a) b. *(DA- 

Oriztt, PZT^£ifcLfcl8fc^##RISU 8Kb A' fS$rffitk*0T*> & . 

^V'^/PtBE'fb^^^/HSfccTy^t^r-jTl^. 20 [04 ] 03K^^?g^K«i:S4 V^'x y hf££§ffl 

[0 144] >T VWA&ttfMfMMk LXm 7°Vy?^ y h'OSSJSXgSr^BfffiaTAS. 

v^:«*ti4, T&mmtmim&mizm-r&ztwm ims 3 *HHBt2j:s>f ^*x y htmmrv 

mx'bzbmi&ztih&. mztmw&<%*) . %m vYnmzm<F>~nwm<r>^m<n%Mmx-$>&<. 

0Ji7 — 1 O^^MSjJiLst. [06] 05£SH-*!&HJ!teJ:6-r >-^^*x>y 

[0145] mie<oHM0!l6~9tii^-CJi. PZTO 7"»J FO±S^8SitlM£^-»r®0T-& 
^ B B a^SW!lS«aS^7 5 0X:^LT^SrllSfiL^3!)i, 



rtOftii^raiagJi. 3£fl7fl>. 6 5 0~8 5 0*CCO 


101 • 






102- 






103- 






k 






104 • 




[0 146] 


10 5- 




i3m<vmki *muzxtns. a y?i/x. <y bimm 


106- 






107- 


■ • SXiVWL 




108- 


■ ■ JXiV 




20 1, 


202- ■ ■ zmi&mm 




203 • 




ax/mm#f&%b'<?>mm{t<r)mmiz£ ->xtiB#mA 


204 ■ 




immmzn.$s2ixz>fojjz , mamm^mit^^ 40 


401 ■ 





[05] 



( 16) 



#^¥9-2 54 386 



[01] [02] 




(17) 



#^¥9-2 54 38 6 



[06] 



401 



202 



101 




202 



